SUMMARY One hundred seventeen patients with clinical signs and symptoms of transient ischemic attacks (TIAs) were evaluated. All underwent clinical evaluation for bruit, ophthalmodynamometry, rapid sequence scintiphotography with rectilinear scanning and fourvessel cerebral angiography. The results of these tests were compared for reliability in predicting location of lesions causing transient ischemic attacks.
Introduction
SURGERY for extracranial vascular disease causing transient ischemic episodes is now commonplace, and arteriography to delineate location of lesions is essential. However, the procedure carries about 0.5% risk of hemiplegia or death, even among the most experienced of operators. Our own series of 226 TIA patients undergoing angiography at the North Carolina Baptist Hospital showed 0.9% mortality (two patients) and 12.8% morbidity (29 patients). These results do not differ greatly from the mortality and morbidity figures reported by the Joint Study of Extracranial Arterial Occlusion. 1 A population of 4,748 patients undergoing angiography experienced 0.7% mortality, 0.5% grave complications and 14.3% minor complications.
Angiography is obviously not the ideal means for screening large numbers of patients because of expense, danger and the involvement of scarce resources. Other screening tests have been devised to diagnose extracranial vascular disease. This is a report of our experience with atraumatic methods including arterial auscultation for bruit, rectilinear scanning with rapid sequence scintiphotography (isotope angiography), and ophthalmodynamometry (ODM) on 117 patients with transient ischemic episodes.
Methods
One hundred seventeen patients with TIAs were studied using ophthalmodynamometry, isotope angiography and auscultation for bruits. All had a complete physical, neurological and neurovascular examination as well as blood pressure, CBC, and EKG. The location and intensity of all bruits heard were recorded. Because the evaluation of intensity involves a degree of subjectivity, it is not included in this report.
Ophthalmodynamometry was done with a Bailliart-type This study was supported by U.S. Public Health Service Grant NS-06655.
ophthalmodynamometer according to the procedure described by Toole. 2 Two readings were usually obtained, one by a staff neurologist and another by a staff ophthalmologist. A 20% or more difference in both diastolic and systolic readings between the two central retinal arterial pressures is considered abnormal. A central retinal artery pressure of less than half of the brachial blood pressure is also considered abnormal. The values were recorded numerically but are reported here only as abnormal or normal using the above criteria.
Rapid sequence scintiphotography with subsequent rectilinear scanning was done using Mm Tc pertechnetate. Janeway and Maynard 3 described the procedure. All patients studied underwent four-vessel cerebral angiographical study via retrograde femoral catheterization.
Results
Based on angiography, the 117 patients were divided as follows: (a) unilateral occlusion, (b) unilateral occlusion with contralateral stenosis, (c) unilateral stenosis (> 50% and < 50%), (d) bilateral stenosis (> 50% and < 50%), (e) plaque, tortuosity, irregularity, and ulcers, and (f) normal arteriogram. The patient distribution is shown in figure 1 .
Seventeen patients with unilateral occlusion are shown in table 1. Time between onset of clinical symptoms referable to the occluded side and angiography is shown in figure 2. Whether these arteries had been stenotic at time of onset of symptoms or whether the time of occlusion was concurrent with onset of symptoms is conjecture. Thirteen of the 17 had decreased central retinal artery pressure relative to the patent side.
Correlation between positive ODM and duration of occlusion is shown in table 1. Bruits were heard in 11 cases, five on the occluded side, probably signifying the turbulent flow through the external carotid system. This probably is not the only factor because one patient with occlusions of the left external and internal carotid arteries had a bruit on that side. A concomitant lesion on the opposite side and possible in-541 auscultation for bruits was added, the chances were increased to 100%. The degree of collateral circulation appears more significant in the development of false-negative ODM than the duration of occlusion. Contrary to the findings of some observers,* we have observed cases with abnormal carotid circulation present with no bruit and normal ODM.
creased flow from shunting most likely explain the occurrence of bruit on the side opposite the occlusion.
On brain scanning using both gamma camera and rectilinear scanning, 11 showed abnormalities and six were negative. All abnormalities were found on the occluded side. No single procedure gave consistent results relative to the angiographical picture. Scan and ODM together increased the finding of an abnormality to 16 of the 17 cases, and when
Unilateral Carotid Occlusion With Contralateral Stenosis
Of the 17 patients in table 2, 12 had a bruit on the stenosed side and six had bilateral bruits. Of these six cases with bilateral bruits, one had stenosis on the occluded side which could have accounted for the bruit. Noteworthy is the incidence of bruits in the presence of contralateral stenotic lesion. Five patients with varying degrees of stenosis presented without bruit. The occurrence, location and inten- 
All neck vessels sity of the bruit correlate poorly with the severity of the lesion. Table 2 demonstrates the usefulness of ophthalmodynamometry in assessing carotid occlusion. Twelve patients had decreased pressure on the occluded side. Three patients with high-grade stenosis (> 50%) had decreased pressure on that side as well. No false-positive result was recorded among those with occlusion (table 1) but in the presence of other lesions in the carotid system, false positives are liable to occur.
Rapid sequence scintiphotography, when positive, is a reliable gauge of occlusive disease. One drawback is the increased number of false negatives in the presence of other lesions. In no case, however, were all three procedures normal.
Unilateral Stenosis
Of the 27 patients with unilateral stenosis, all but eight had a bruit. The degree of stenosis among the eight patients without bruit varied from 40% to 99%. Seventeen patients with bruit had stenosis ranging from 30% to 99%. Therefore, there was poor correlation between occurrence of bruit and the degree of stenosis. Bruit developed in two patients opposite the stenosis. The degree of stenosis was high grade (90%) and even though there were no other lesions, increased blood flow could have accounted for the bruit (augmentation murmur). Interestingly, nine patients with stenosis greater than 50% had bilateral bruits, and seven of these had no angiographical lesion opposite the stenosis.
There were far fewer abnormal brain scans in this group than in the patients with occlusion. Only six patients had abnormal scans, five in the carotid circulation and one on the side of a subclavian occlusion which was correctly diagnosed by isotopic study. Four had an increased cerebral uptake on the stenosed side indicating presence of infarction. No false positives were recorded.
As with the brain scan, the number of abnormal ODMs decreased with stenotic lesions, only 17 of the 27 cases. Twelve cases had low pressure on the stenosed side and inexplicably six cases had low pressure opposite the stenosis. Of these six cases, five showed no lesion on the low pressure side on angiography, and one had subclavian occlusion on the low pressure side.
Three cases showed no abnormality on auscultation, brain scanning and ODM, yet all three had stenosis greater than 50% (table 3) .
Bilateral Stenosis (Table 4) There were more patients with stenosis who had bruits than those with occlusive vascular disease. Again, correlation between degree of stenosis and character of the bruit remained poor. Similar conclusions can be arrived at for
TABLE 4 Bilateral Carotid Stenosis (N = 28)

Major lesion(s)
Side, site Tortuosity, Plaques, and Ulceration (Table 5) All three procedures decreased in reliability in the diagnosis of these lesions. Of the 19 patients studied ten had no bruit, 15 had normal brain scans and 12 had normal ODMs.
Normal Arteriogram (Table 6) A group of nine patients with clinical symptoms of TIA but with no demonstrable lesion on angiography was included. Of the nine patients, three presented with a bruit, three had unilateral decrease in ophthalmic pressure, and none showed an abnormal scan prior to angiography.
Conclusion
Each individual procedure is sensitive to a particular function. Bruits are likely to be heard in the presence of vascular lesions producing turbulent blood flow. Of the various lesions described above, stenotic lesions are more likely to present with bruits. Bruits become more meaningful when correlated with the clinical picture. One therefore is more apt to consider a bruit significant if it occurs on the side consistent with the clinical picture. Very often, increased blood flow due to shunting will produce a bruit. This is more likely to develop in the presence of internal carotid artery occlusion where the external carotid artery receives the full blood volume coming from the common carotid artery. This becomes very significant clinically in conjunction with low central retinal artery pressure and pulse differences between 6 -None 2 -Bilateral 1 -One side only 9 -Normal 3 -Decreased one side 6 -Normal the two superficial temporal arteries. Internal carotid artery occlusion often will produce low central retinal arterial pressure, ipsilateral increase in superficial temporal pulse and ipsilateral carotid bruit which disappear with occlusion of the common carotid artery. In the presence of these findings, we now consider angiography only when surgical intervention is contemplated. In carotid artery occlusion, ipsilateral brain scan and ophthalmic arterial pressure abnormalities correlate well with the angiographical findings. Using the three procedures described, we found only four cases where all three failed to reveal any abnormality. All four patients had stenotic lesions, three unilateral and one bilateral.
None of the procedures approached the reliability of angiography in making a definitive diagnosis. When one considers the clinical picture with the results of the above three procedures, unnecessary angiographical studies are reduced considerably. This in itself is significant considering the mortality and morbidity figures of angiography. We feel therefore that the three procedures described, properly done and interpreted, and correlated with the clinical picture give the clinician a reliable idea of the extracranial vascular status of the patient.
We find cerebral angiography in TIA patients valuable only in assessing suitability for surgical intervention and determination of the degree of collateral circulation. However, in spite of the danger involved in arteriography it still gives the clinician greater accuracy than all the procedures discussed in this report. We are continuing our search for an effective noninvasive procedure equal to or even more accurate than angiography.
